Background. Iron-deficiency anemia is the most prevalent nutritional deficiency worldwide. Iron-deficiency anemia has particular negative consequences on women in their childbearing years, and its prevention is a high priority in most health systems.
Introduction
Iron-deficiency anemia is a common nutritional problem worldwide, particularly for women of reproductive age in developing countries. In pregnant women, severe anemia increases the risk of maternal and fetal morbidity and mortality, and the risk of premature delivery and low birthweight for the infant [1] [2] [3] [4] [5] . In adolescent girls, it can have an adverse effect on educational performance, productivity, and well-being. Preventing iron deficiency and increasing iron stores in adolescent girls can improve their iron status in preparation for pregnancy and benefit their current health and well-being [6, 7] . There are reports indicating that improving iron bioavailability in diets may have a greater effect than increasing the total quantity of dietary iron consumed [8] [9] [10] . In some developing countries, when access to iron-rich foods and/or heme iron sources is limited, other strategies (e.g., properly aimed nutrition education) are needed [9, 10] .
In Iran, official reports show that the prevalence of iron deficiency is highest (39%) in 15-to 19- year-old girls [11] . The reports also indicate that the prevalence of anemia and iron-deficiency anemia in 15-to 49year-old women are 33.4% and 16.6%, respectively.
Nutrition education alone improves dietary practices but not hematologic indices of adolescent girls in Iran
There is much evidence supporting the use of iron supplements both daily and weekly for prevention and health strategies [1, 5, [12] [13] [14] in adolescent girls. However, limited data are available on the effects of nutrition education alone on the nutritional status of this vulnerable group in the region. Thus, this interventional study was undertaken to explore whether a focused nutrition education campaign could improve the nutritional practices, iron status, and hematologic indices of healthy adolescent girls.
Methods

Study protocol and subjects
This study was a pre-/post-comparison between intervention and control groups conducted on 60 adolescent girls from two separate high schools (30 subjects from each) with similar demographic and socioeconomic characteristics. The high schools were located in the same district but located in different areas to prevent exchange of educational messages. The study was conducted in the winter of 2004 when all food groups were locally available. Sixty healthy 16-to 18-year-old girls were randomly selected from the class lists and their parents' written consent obtained. The inclusion criteria were that the subjects had to be healthy, nonanemic adolescent girls 16 to 18 years of age from the middle socioeconomic classes based on their family residency, number of rooms in the house, and parental characteristics, such as educational level and employment. Data on these variables were collected by basic socioeconomic questionnaires.
Girls were excluded who were ill or anemic, were taking iron or other nutritional supplements, or whose parents withheld permission. The education group received nutritional education on dietary sources of iron, iron availability, and the signs and consequences of iron deficiency and anemia via face-to-face group discussion sessions and simple pamphlets; the control group did not receive any nutritional education during the 2-month study period. The study groups had no contact with each other. Subjects were asked to follow their usual lifestyle patterns and were informed about the purpose of the study prior to the start. Fasting blood samples (5 mL) were taken from each subject pre-and postintervention. The study protocol was approved by the University Medical Ethics Committee.
Variables and questionnaires
Questionnaires were used to collect information on nutritional knowledge and practice. Anthropometric measurements, including weight, height, and bodymass index (BMI) were taken, and information on sleep and exercise patterns and past medical history, including previous history of disease and medication use, was obtained through questionnaires. Semiquantitative food-frequency questionnaires (FFQs) were also completed. Subjects' weights and heights were measured with a digital scale (Soehen, Germany) and a nonstretchable wall meter. The body-mass index was calculated as the weight in kilograms divided by the square of the height in meters. A general practitioner examined the girls for paleness and other signs of nutritional deficiencies. Medical histories, physical signs, and socioeconomic questionnaires were used to explore any differences between the study groups. Percent body fat was measured by the bioelectrical impedance analysis method with an Omron BF-302 apparatus (Matsusaka Co. Ltd., Japan). All of these values were recorded at baseline and at 2 months postintervention. The questionnaires had been validated by previous national epidemiologic studies on anemia prevalence conducted by the Ministry of Health in collaboration with the National Nutrition Institute in different parts of the country.
Data scoring
Data collected from FFQs were scored on the basis of the US Food Guide Pyramid [15] in which five main food groups received scores of 0 to 5 according to the frequency of their consumption. For example, in the case of vegetables, no consumption was scored as 0 points and three to five servings per day was scored as 5 points.
Questions on students' nutritional knowledge (food groups, nutrients, and anemia) and lifestyle patterns (diet, sleep, and exercise) were also scored. Both categories had 10 questions with options to be chosen, and 0 to 5 points were assigned to each option so that the maximum obtainable score was 50.
Laboratory measurements
Complete blood counts were performed, and corpuscular indices and serum ferritin levels were measured by a hematologic cell counter Sysmex K-1000 apparatus (TOA Medical Electronics Co. Ltd., Kobe, Japan) and the ELISA method (SPECTRA III, Orgentec Diagnostika GmbH, Mainz, Germany) [16] , respectively. The lower detection limit for ferritin was determined as 5 ng/mL, and the intra-and interassay corpuscular volumes were 3.4 and 1.7 ng/mL, respectively. Hematologic interpretation was based on WHO criteria [17] .
Statistical analysis
Independent and paired t-tests were performed to explore any difference between baseline and pre-and postintervention findings, respectively, and the normality of the distribution of the variables was confirmed by Nutrition education and dietary practices the Kolmogorov-Smirnov test. SPSS software, version 11.5, was used for data analysis. The significance level for data was p < .05. Table 1 shows the baseline anthropometric indices for the two study groups; there are no significant differences between them. The mean score for nutritional knowledge of the education group significantly increased after 2 months compared with baseline (31.4 ± 6 vs. 24.3 ± 5.9; p < .001), but there was no improvement in the control group (table 2). Both groups showed no change in their lifestyle patterns during the study period (table 3) . There was a significant increment in mean corpuscular volume (MCV) levels in the education group (p < .001), and at the same time, serum ferritin concentrations dropped about 17% in the control group (p = .004; table 4). However, no significant changes were seen in hemoglobin and serum ferritin levels of the education group. Table 5 shows that food-frequency scores were elevated in the education group (p < .05) but the control group had a nonsignificant fall in its scores after the campaign (p < .1).
Results
Discussion
Iron deficiency and anemia are among the most important remaining nutritional deficiencies and health problems of public health significance worldwide, mainly in developing countries. Anemia impairs the cognitive development of children from infancy through adolescence by up to 5 to 10 intelligence quotient (IQ) points, and this impairment is permanent [17, 18] . Up to 30% impairment of physical work capacity and performance is reported in anemic men and women, depending on the severity of their anemia [17] [18] [19] [20] . Adolescent girls are especially susceptible to iron deficiency because of their poor dietary intake in conjunction with high iron requirements related to rapid growth and menstrual blood loss [10] . Even in the United States, up to 11% of adolescent girls are iron deficient [21] .
This intervention resulted in a marked change in nutritional knowledge and scores of food-group consumption of adolescent girls participating in the educational campaign. Moreover, the mean corpuscular volume of the education group showed a significant postintervention improvement but it was within normal ranges. On the other hand, the control group had a fall in serum ferritin concentration after 2 months. Both groups showed no significant changes in hemoglobin levels, which may be due to the short duration and relatively small sample size of the study. Creed-Kanashiro et al., in their interventional study on 12-to 17.9-year-old old Peruvian girls, showed that after an educational campaign was implemented for 9 months, total, absorbable, and heme iron intake significantly increased in the education group. Moreover, a. There were no statistically significant differences in anthropometric measurements between the groups. total daily ascorbic acid intake and nutritional knowledge showed a significant improvement in the intervention group [10] . In our study, the groups were similar in their socioeconomic, lifestyle, and anthropometric features. Furthermore, this study showed that dietary change to improve iron intake is possible in this sample of adolescent girls. A multidietary strategy using a feasible educational program combined with identifying and promoting the best choices of iron-rich foods is required to increase consumption of animal sources of iron and vegetables with iron absorption enhancers such as vitamin C [8, 9] . These strategies are potentially applicable in our region, because rich sources of vitamin C, such as vegetables and fresh fruits, are available throughout the year. It was also observed that basic nutritional knowledge was inadequate in young girls, and our previous findings have emphasized this lack [22] . Malhotra and Passi also showed that a large majority of Indian adolescent and young girls had inadequate knowledge of health and nutritional issues. They indicated that 93.4% of the subjects had inadequate iron intake and 93.2% of them were anemic [23] . Iron supplementation in 16-to 20-year-old Indian college girls was associated with significant increases in body weight, body-mass index, mid-upper-arm circumference, and body fat [13] . Although there is much evidence supporting the use of iron supplementation in vulnerable groups, findings on the effects of nutrition education without supplementation and/or food fortification are lacking, especially in regions in which both iron-rich sources (e.g., pulses) and folate-and vitamin C-rich sources (e.g., fresh fruits and vegetables) are available.
In conclusion, although this research was a pilot study with a limited number of subjects conducted in a short period of time, the results were encouraging. We suggest that the education program and materials used captured the girls' interest and stimulated their motivation to influence their health, nutrition, and diet. The potential of applying this experience through high schools and other organizations reaching young girls provides a feasible opportunity to attain the highpriority health goals.
